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ORIGINAL ARTICLE
Cross shift changes in lung function among bar and restaurant workers before and after implementation of a smoking ban Objective: To study possible cross shift effects of environmental tobacco smoke (ETS) on pulmonary function among bar and restaurant employees before and after the implementation of a smoking ban in Norway. Methods: The study included 93 subjects employed in 13 different establishments in Oslo. They were examined at the beginning and end of a workshift both while ETS exposure was present and when smoking was banned. The mean exposure level of nicotine and total dust before the ban was 28 mg/m 3 (range 3-65) and 275 mg/m 3 (range 81-506), respectively. Following the smoking ban, the mean level of nicotine and total dust was 0.6 mg/m 3 and 77 mg/m 3 , respectively. Assessment of lung function included dynamic lung volumes and flows. Results: The cross shift reduction in forced vital capacity (FVC) among 69 subjects participating in both examinations changed from 81 ml (SD 136) during exposure to ETS to 52 ml (SD 156) (p = 0.24) following the smoking ban. The reduction in forced expired volume in one second (FEV1) during a workshift, was borderline significantly reduced when comparing the situation before and after the intervention, by 89 ml (SD = 132) compared to 46 ml (SD = 152) (p = 0.09), respectively. The reduction in forced mid-expiratory flow rate (FEF 25-75% ) changed significantly from 199 ml/s (SD = 372) to 64 ml/s (SD = 307) (p = 0.01). Among 26 non-smokers and 11 asthmatics, the reduction in FEV1 and FEF 25-75% was significantly larger during ETS exposure compared to after the smoking ban. There was an association between the dust concentration and decrease in FEF 25-75% before the ban among non-smokers (p = 0.048).
Conclusions: This first study of cross shift changes before and after the implementation of a smoking ban in restaurants and bars shows a larger cross shift decrease in lung function before compared with after the implementation of the ban. I n past years there has been increasing concern regarding the health consequences of exposure to environmental tobacco smoke (ETS) for employees working in restaurants and bars. These workers have reached ETS levels several times greater than that of other occupational groups. 1 Whereas employees in most workplaces since 1988 have performed their tasks without passively being exposed to tobacco smoke in Norway, those employed in bars and restaurants have not been able to do so until recently.
Sidestream smoke contains the same irritative and toxic compounds as mainstream smoke, and it is plausible that the biological effects of ETS are similar to those of active smoking. 2 Irritation of the eyes, airways, and throat has been described in places with high levels of tobacco smoke. 3 Passive smokers in workplaces have reported more symptoms from the airways and more days lost from work due to chest colds than control subjects, and exposure to tobacco smoke may be even higher among such employees than people living with smokers. 1 Acute smoke exposure activates cells such as neutrophils and macrophages in the airways, has a suppressive effect on the numbers of eosinophils, and may result in tissue damage. 4 Repeated smoke exposure may promote a chronic inflammatory process resulting in thicker, inflamed, deformed, and narrow airways with emphysematous changes around them. 5 In Norway a revision of the Environmental Tobacco Smoke Act was put forward on 1 June 2004, prohibiting smoking in restaurants and bars. Few countries have so far implemented similar regulations and little is known about the potential benefits to health of such interventions in the workplaces. Only one study from the US has been published describing the lung function of bartenders before and after smoking cessation in the workplace. Both forced vital capacity (FVC) and forced expired volume in one second (FEV1) increased during follow up, according to the authors, due to the establishment of a smoke-free workplace. 6 The aim of the present investigation was to compare cross shift changes in pulmonary function among employees in restaurants and bars before and after enforcement of smokefree bars and restaurants and to examine if there were any associations between nicotine/dust exposure levels and changes in lung function before the implementation of the ban.
MATERIALS AND METHODS
A detailed description of the material and methods is presented elsewhere. 7 Initially, 15 bars and restaurants were As for the registration of asthma, the subjects were asked: ''Do you use any medication against asthma or allergy?'', ''Have you ever had asthma?'' and, if so, ''was the diagnosis made by a doctor?'' In this study the participants were defined as asthmatics if they reported asthma in the history.
The results of exposure assessment including urinary cotinine, total dust, and nicotine in air have been presented elsewhere. 7 Each individual's exposure dose was expressed as the mean values of total dust and nicotine obtained at her/his establishment.
Lung function measurements were performed both before and at the end of the workshift before the smoking ban was introduced on 1 June 2004. These measurements were repeated 3-8 months after the smoking ban was implemen- . However, most retests were performed in September/ October giving a mean second temperature of 6˚C. Most workers worked evening shifts meaning they started working in the evening and left work at midnight or afterwards. The same shift plan was present at follow up, thus all workers worked at the same time at follow up as compared to at baseline and thus the tests were performed during the same shift at the same day of the week for each individual on both occasions. The mean time of day for starting measurements during shift before ban was 16 minutes past six o'clock in the afternoon (18:16) (range 10:00-21:45). After the ban the mean starting time was six minutes to six o'clock (17:54) in the afternoon (range 10:30-23:40). No statistical difference between these starting points was revealed (p = 0.23). During the first cross shift examination the mean time between the measurements was 363 minutes (SD 77 minutes). After the implementation of the ban the mean time between the measurements was 360 minutes (SD 91). Testing was performed using the Vitalograph 2170 spirometer (Spirotrac, UK). The tests were performed by the authors (MS, KK) who were visiting five and eight establishments, respectively. They examined the same subjects both before and after shift on both occasions. The subjects were given standardised instructions on the forced maximal expiratory manoeuvres, with demonstration of the procedures. The tests were performed with the subjects sitting in a chair and breathing through a mouthpiece with a nose clip. The spirometer was calibrated daily. The best results, according to ATS criteria, of at least three flow volume manoeuvres were used in the analysis. 8 Peak expiratory flow rate (PEF), forced vital capacity (FVC), forced expired volume in one second (FEV1), and forced mid-expiratory flow rate (FEF 25-75% ) were measured.
Arithmetic means and standard deviations for lung function parameters were calculated. Student's paired t tests were used to compare continuous outcomes before and after the workshift when the individuals were compared with themselves. Simple linear regression analysis was used to assess possible effects of dust and nicotine on change in FVC, FEV1, and FEF 25-75% . Correlations were calculated using Spearman's rank test. All tests were two sided and a significance level of 5% was chosen. 9 SPSS for Windows (SPSS version 13) was used in the data analysis.
RESULTS
The levels of airborne nicotine and dust are presented elsewhere. 7 The mean concentration of nicotine and dust before the smoking ban varied between the different restaurants and bars (table 4). All baseline results obtained by spirometry are shown in tables 1-3.
Three individuals changed their smoking habits during follow up, two subjects had incomplete data, and 19 were lost to follow up and were thus not included in the second examination leaving 69 for the last examination. The cross shift changes of lung function, both in absolute and relative numbers, before and after the implementation of the smoking ban are shown for the remaining 69 individuals in table 5. There was a statistically significant decrease in FEF 25-75% , when the pre-ban measurements were compared to those of the post-ban, from 199 ml/s (SD 372) to 64 ml/s (SD 307) (p = 0.01) on average, respectively.
Cross shift lung function changes for the 26 non-smokers, the 11 asthmatics (non-smokers and smokers), and the 43 smokers are shown in table 6. For the 26 non-smokers, the mean pre-ban cross shift fall in FEV1 was 120 ml compared to 37 ml (p = 0.03) after the intervention, and the corresponding decrease in FEF 25-75% was 218 ml/s compared to 65 ml/s (p = 0.01). Eleven asthmatics had a statistically significant larger decrease in FVC, FEV1, and FEF 25-75% across the workshift before than after the ban. As for the smokers the only change was a significantly larger increase in PEF and an almost significantly larger decrease in FEF 25-75% across the workshift when the pre-ban results were compared with those after the ban.
A near significant association was observed between the change in lung function during follow up and weight gain, for FVC (b = 20.02, p = 0.09).
A statistically significant association between the total dust concentration during the first cross shift examination and decrease in FEF 25-75% among the 33 non-smoking subjects who were present both pre and post-ban was observed (p = 0.05) (fig 1) . The association between FEV1 and total dust did not reach statistical significance (p = 0.15), (table 7) .
DISCUSSION
Among non-smokers and people with asthma in the history a larger decrease in FEV1 and FEF 25-75% was demonstrated during a pre-ban workshift compared to the same work situation after a smoking ban was implemented in the bars and restaurants studied. Among smoking subjects a significant increase in PEF and a near significant decrease in FEF 25-75% was found when comparing the pre-ban situation with that of the post-ban. Before the ban there was an association between fall in FEF 25-75% and levels of total dust.
Our main result indicates an effect of ETS on small airways that may be related to total dust levels during ETS exposure in restaurants and bars. The effect was not observed after the intervention. The results agree with the results found after experimental exposure in chambers where ETS exposure gives a reduction of FEV1 among asthmatics 10 and a reversible reduction in pulmonary function among nonsmokers. 11 Studies of workers and in the household have indicated a decrease in small airways after ETS exposure. 12 13 The small particulate components of ETS can be drawn deeply into the lungs, thus causing pathological changes in the peripheral airways. Further exposure to cigarette smoke Table 3 Characteristics of the woman and men who participated both before and after ban, values at baseline, before shift (n = 69) can cause progression from involvement of small airways to disease of the bronchial and alveolar part of the lung. 3 14 We found a smaller cross shift increase in PEF after ban compared to before ban. The changes in PEF are mostly due to effort and may explain, to some extent, the opposite effect on small airways. Effort depending increased PEF may lead to a compression of air in the upper airways. We believe that the effect is small but it could nevertheless partly explain the larger fall in dynamic lung volumes before implementation of the ban compared with after the ban.
In the present study, the subjects with asthma in the history had their airways affected during their workshift before smoking was banned in the workplace. ETS in the workplace has been associated with asthma both among women and men. 15 However, due to methodological problems and a limited number of studies, no definite conclusion has been made concerning the role of ETS in adult asthma. 16 Recent studies, however, suggest a causal relation between ETS exposure in the workplace and both new onset asthma and asthma exacerbations among adults, 17 18 a possible increased risk of allergic sensitisation and allergic rhinitis, 19 and reduction in lung function particularly among women with asthma. 20 A plausible mechanism of ETS mediated asthma might be attributed to the inflammatory response of ETS which may facilitate the permeability of allergens into the bronchial epithelium 21 or that asthma occurs via irritative mechanisms. Among the non-smokers in this study a response in the airways was noted during ETS at work. This is in accordance with previous studies showing increased bronchial responsiveness, 22 and even a reduction in pulmonary function 23 after ETS exposure.
Even among the smokers there was a cross shift reduction in lung function before the implementation of the smoking ban. In support of this finding it has been shown that inhalation of cigarette smoke among smokers, who had not smoked 24 hours before examination, results in an immediate fall in FEV1 with the highest response among smokers with asthma. 24 Several mechanisms could explain the effects observed in our study. Cigarette smoke has been shown to induce bronchoconstriction in animals through an early phase cholinergic reflex and a sensory mediated stress induced norepinephrine release could also have contributed. 11 It is known that ETS is a potent airways irritant that can induce an inflammatory response in the airways among sensitive individuals 25 by stimulating bronchial epithelial cells to release mediators and thus recruit neutrophilis into the airways. 26 Supporting this mechanism, it has been shown that smoking cessation among young people can produce an increase in FEV1, possibly reflecting reduced inflammation and reduced bronchoconstriction. 27 Evidence provides a plausible link between passive smoking, bronchial hyperresponsiveness, and chronic obstructive Table 6 Change in lung function during a workshift before and after implementation of smoking ban among non-smokers (n = 26), individuals with asthma in the history (n = 11), and smokers (n = 43) pulmonary disease (COPD). However, limited information is available on these relationships 2 28 and due to the fact that levels of ETS doses have been based on questionnaire reports, 29 effects on lung function may not have been observed at low exposures. 2 As for a possible association between COPD among employees in restaurants and bars and ETS, the levels of ETS exposure in the current study have been higher compared to other studies. 1 The mean levels of exposure in some bars in our study were very high, exceeding the air nicotine levels previously reported in 17 restaurants and in 25 different bars of 6.5 mg/m 3 and 19.7 mg/m 3 , respectively, 1 and equalling that of 28-50 mg/m 3 reported among nightclub musicians. 30 As longitudinal decrease in lung function seems to coincide with cross shift fall in lung function among people exposed to dust, 31 32 an increased risk for COPD among non-smoking employees in restaurants and bars with the high levels of exposure found in our study cannot be ruled out.
In the present study the pre-shift lung function was lower after, rather than before, the ban was introduced. This finding is not supported by the results reported in a study of bartenders 10 years older than the group in the present study. 6 Cessation of workplace high exposure ETS seemed to improve lung function in the study of Eisner et al 6 but may not, according to Bell and Urbach, 33 represent any clinically important change. The reduction in lung function in our study during the 3-8 month follow up could to some extent be explained with weight gain. Recent studies report that even mild obesity may influence dynamic lung volumes. 35 In addition, our results could be explained by seasonal variations 36 where low outside temperature may give a decrease in lung function. 36 The second examination was performed when the temperature was on average 6˚C lower in Oslo compared to May 2004, reaching a mean temperature below zero in February 2005, and when inhalation of cold air could cause bronchoconstriction in subjects with reactive airways. However, to eliminate the effects of seasonal variation, a repeated cross shift design was chosen. Such a repeated crossover study has some attractive features, namely that the comparison of change in lung function is ''within-subjects'' rather than ''between-subjects'' thus reducing the potential for confounding substantially.
The selection of restaurants and bars was chosen in order to obtain a representative sample of the Norwegian workforce in bars and restaurants. Ninety three out of 112 subjects were initially invited to participate in the study at baseline. In our study 23% of the subjects did not participate in the second examination. In addition to many who had quit during follow up, restaurant and bar subjects work irregular hours and schedules are often changed at short notice. Thus, there were difficulties in gathering exactly the same group of employees for follow up. None of those approached a second time, however, refused further participation. The proportion of smokers and the ages were similar among those who were lost to follow up compared to those who participated. Thus we have no indication of outcome selective dropout from the study.
This first study of cross shift lung function changes before and after implementation of a smoking ban in restaurants and bars shows a larger reduction in FEV1 and FEF 25-75% during ETS exposure compared to after the smoking ban. These effects were most pronounced among non-smokers and asthmatics. Among the non-smokers the reduction in lung function during ETS exposure was associated with the total dust levels. N Updating the text every 12 months using any new, sound evidence that becomes available.
The Clinical Evidence in-house team will conduct the searches for contributors; your task is simply to filter out high quality studies and incorporate them in the existing text.
If you would like to become a contributor for Clinical Evidence or require more information about what this involves please send your contact details and a copy of your CV, clearly stating the clinical area you are interested in, to CECommissioning@bmjgroup.com.
Call for peer reviewers
Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an interest in the clinical areas stated above, and also others related to general practice. Peer reviewers are healthcare professionals or epidemiologists with experience in evidence-based medicine. As a peer reviewer you would be asked for your views on the clinical relevance, validity, and accessibility of specific topics within the journal, and their usefulness to the intended audience (international generalists and healthcare professionals, possibly with limited statistical knowledge). Topics are usually 1500-3000 words in length and we would ask you to review between 2-5 topics per year. The peer review process takes place throughout the year, and out turnaround time for each review is ideally 10-14 days. If you are interested in becoming a peer reviewer for Clinical Evidence, please complete the peer review questionnaire at www.clinicalevidence.com/ceweb/contribute/peerreviewer.jsp
